olivaceus against the monogenean Neoheterobothrium hirame were identified. With electron microscopy, peripheral blood leucocytes (PBL) of Japanese flounder could be classified into four types: lymphocytes, thrombocytes, monocytes and granulocytes.
In recent years, the monogenean Neoheterobothrium hirame has been reported widely in Japanese waters (Ogawa, 1999) . N. hirame, which infests the buccal cavity wall of Japanese flounder Paralichthys olivaceus, causes anemia in the host fish (Yoshinaga et al., 2000; Nakayasu et al., 2002) . High mortality was observed in the flounder that were experimentally challenged with the parasite (Yoshinaga et al., 2001) . Commercial catches of the wild flounder in Sea of Japan decreased according to the prevalence of infection (see Ogawa, 2002) .
The wild flounder that were anemic but free from the parasite were often observed (Mushiake et al., 2001 ). Anshary and Ogawa (2001) discussed the pos sibility that the defense reaction of the host might have eliminated the parasites in these fish. In the host tissue surrounding the attachment site of the parasite, intensive infiltration of inflammatory cells and necrosis of host cells were observed (Anshary and Ogawa, 2001 ). However, the leucocyte populations involved in the host response to N. hirame have not yet been identified.
Many species of monogenean parasites usually move around on the host body, thereby escaping from host response (Buchmann and Bresciani, 1998) . To at tack these actively moving parasites, humoral immune systems, such as complement or specific antibodies, are reported to be important (Buchmann, 1998 Fish and leucocyte preparation Japanese flounder, Paralichthys olivaceus, (approx. 250 g in body weight) were infected with Neoheterobothrium hirame as described by Yoshinaga et al. (2001) . Infected and uninfected fish were kept in running seawater at 22°C and fed a commercial pellet diet three times a week. For the preparation of peripheral blood leucocytes (PBLs), blood samples were taken with heparinized syringes from the caudal blood vessels of five uninfected and four infected fish, respectively. Then, PBLs were separated from the erythrocytes by discontinuous density gradient centrifugation using Percoll (Pharmacia, Sweden) at a density of 1.077 g/ mL. A preliminary experiment showed that all leucocyte types were successfully separated at this density of Percoll. The separated PBLs were washed three times with RPMI-1640.
Electronmicroscopy
For observations with a transmission electron microscope (TEM), a portion of each PBL sample was pelleted by centrifugation (1500 rpm, 5 min). The PBL pellets were fixed in 2.5% glutaraldehyde.
Small amount of tissues from infected fish were also fixed in 2.5% glutaraldehyde.
These samples were postfixed with 1% 0sO4, and dehydrated through ethanol. Subsequently, the cell pellets were embedded in Epon 812 (TAAB Laboratories, Berkshire, UK), ultra-thin sectioned, and stained with uranyl acetate and lead citrate. The samples were observed with a TEM (JEOL, JX-20A2S).
Cytochemistry
The PBLs from each fish were attached onto microscope slides by centrifugation using Cytospin (Shandon, UK). The slides were either stained with Sudan Black B (SBB; Sigma, USA), tested for acid phosphatase (AcP), or for peroxidase (PO; CP-1 kit, Sigma, USA). Cytochemical staining was done according to the manufacturer's instruction for each enzyme kit. SBBstained smears were counterstained with Giemsa, and AcP with methylene blue. The ratios of lymphocytes/ thrombocytes, granulocytes, and monocytes in PBL were determined using the slides stained with SBB. scopy. To observe the adherence of leucocytes, the parasite tegument other than the haptor (posterior attachment organ) was used for electronmicroscopy, since the haptor had been already associated with the inflammatory cells prior to the incubation.
For the observation of the in vivo response to N. hirame, the buccal cavity wall containing the site of infection was excised from infected fish and subjected to electronmicroscopy.
Results

Characterization of leucocytes
In PBLs, four different leucocyte types: lymphocytes, thrombocytes, monocytes and granulocytes were distinguished with electron microscopy, based on the criteria established for fish (Ellis, 1977; Ferguson, 1976) . Lymphocytes were characterized by their round shape and thin rim of cytoplasm surrounding the nucleus. Microvilli were observed on the cell surface ( Fig. 1-a) . Thrombocytes were characterized by their varying forms from a round to a spindle shape and cytoplasm having vacuolation ( Fig. 1-b ). Monocytes were characterized by their irregular form and by the presence of endoplasmic reticulum with various profiles and vacuoles in their cytoplasm (Fig. 1-c) . Only one type of granulocytes was observed. They were characterized by many round or elongated granules with a fibrillar structure ( Fig. 1-d, e) .
In cytochemical staining of the PBL, AcP activity was detected in all leucocyte types, though the AcP reaction of granulocytes was weak (Fig. 2-a, b) . Only the granulocytes were positive for SBB and PO reactions, which are common markers for neutrophils (Fig. 2-c,  d ).
Percentage occurrence of the cell populations Most of the PBLs from uninfected fish were lymphocytes and thrombocytes (Fig. 3) . On the other hand, the percentages for granulocytes and monocytes in PBLs were markedly increased in the fish infected with N. hirame (Fig. 3) .
Cellular adherence to N. hirame
In the in vitro cellular adherent assay, some monocytes adhered by pseudopodia to the tegument of N. hirame (Fig. 4) . However, no damage to the surround- ing tegument was observed. Adhesion of other leucocytes to the tegument was not observed.
In the in vivo situation, granulocytes and monocytes/ macrophages were the predominant leucocytes that were found to infiltrate to the infected site of N. hirame. In addition, another cell type was also seen in the infection site. The cells were characterized by large electron dense granules in the cytoplasm (Fig. 5-a) . These dense granular cells (DGCs) were not observed in the PBLs. Leucocytes that were found to be directly adhering to the tegument of N. hirame included the monocytes/macrophages, granulocytes and DGCs (Fig. 5-b) with the monocytes/macrophages being most often observed to be adhering (Fig. 5-c) . Some of granulocytes and DGCs seemed to have released the contents of their cytoplasmic granules by exocytosis. Vacuolar structure was often observed in the parasite's tegument adjacent to the attachment site of the leucocytes (Fig. 5-b) . The vacuolation was not observed in the tegument which was not in contact with the host cells.
Discussion
According to their ultrastructural characteristics, the PBL of Japanese flounder could be classified into four types. Among these, the lymphocytes, thrombocytes and monocytes were morphologically quite similar to respective homologous cells of other fish species. The granulocytes had characteristic granules with a fibrillar structure and closely resembled granulocytes of plaice, Pleuronectes platessa (Ferguson, 1976) . The granulocytes are likely to be homologous to the neutrophils of other fish. Since the granules having a fibrillar structure resembled one of the less common granule types found in mammalian neutrophils, the granulocyte was termed as a `neutrophil' in the plaice (Ferguson, 1976) . In the cytochemical staining tests, the granulocytes were stained positively by SBB, PO and AcP. In various fish, neutrophils are reported to be positive for these staining techniques (Ellis, 1976 (Ellis, , 1977 Petrie-Hanson and Ainsworth, 2000) . In particular, PO activity is used as one of the criteria for the provisional identification of neutrophils (see Ellis, 1977) .
The results of the present study suggest that the monocytes, granulocytes and DGCs play important roles as the effector cells in the host response against N. hirame. Granulocytes and monocytes, which increased in the PBL composition of infected fish, infiltrated into the infected sites and adhered to the tegument of the parasites. In addition, DGCs were also observed in infected sites.
In several fish species, the infiltration and adhesion of macrophages, neutrophils or eosino philic granular cells (EGCs) against parasites have been reported and considered to be an important step for kill ing parasites (e.g. Cross and Matthews, 1993; Hoole and Nisan, 1994; Huizinga and Nadakavukaren, 1997) . At the ultrastructural level, DGCs possessed large electron-dense granules, which resembled those of EGCs (Vallejo and Ellis, 1989; Huizinga and Nadakavukaren, 1997) . Thus, DGCs in Japanese flounder might be functionally analogous to EGCs reported for other fish.
Vacuolation was often observed in the N. hirame tegument embedded in the buccal cavity wall. This might be caused by macrophages, granulocytes and DGCs adhered to the parasite tegument. There have been few detailed studies on the role of fish leucocytes in mediating damage to parasites.
Studies on the in vitro killing of the digenean eye-fluke Diplostomum spathaceum by rainbow trout Salmo gairdneri (= Oncorhynchus mykiss) leucocytes showed that mac rophages have a role in killing the parasites (Whyte et al., 1989) . Sharp et al. (1991) also showed that rain bow trout macrophages and neutrophils which adhered to the plerocercoid tegument of the cestode Diphyllobo thrium dendriticum evoked the damage to the tegument in the presence of immune serum.
In both studies, reactive oxygen species, which are produced during the process of the respiratory burst, were concluded to play a role in these killing mechanisms.
The EGCs also have been reported to have a role as an antiparasitic re sponse (Sharp et al., 1989; Hoole and Nisan, 1994) . Huizinga and Nadakavukaren (1997) proposed that the EGCs of goldfish Carassius auratus function as antipara sitic cells by releasing bioactive granules that alter the physiological environment of the infected sites and facili tate the expulsion of the trematode Ribeiroia marini. In mammals, leucocyte adherence studies using the schistosomula of the trematode Schistosoma mansoni have shown that macrophages, neutrophils and eosino phils adhere directly via the Fc and C3b receptors and induce structural damage and death of this parasite (Butterworth, 1984) .
Lymphocytes are reported to be important cells involved in the host response to parasitic infection in fish. Some parasite infections are known to cause increases in lymphocytes proportion in PBLs (Wang, 1998; Rahkonen and Pasternack, 1998) and infiltration of lymphocytes to infection sites (McDonough and Gleason, 1981; Jendrysek et al., 1994; Hoole and Nisan, 1994) . In this study, the infiltration of lymphocytes was not conspicuous.
This suggested that a non-specific immune response mediated by monocytes, granulocytes and DGCs is the dominant response of Japanese floun der against N. hirame, although the involvement of spe cific antibodies and lymphocytes cannot be discounted.
